Prolonged wakefulness stimulates the homeostatic need to sleep, but transition to sleep also depends on the circadian time of day. However, links between circadian and homeostatic influences are not well understood. Guo et al. (2018) identify a Drosophila circuit connecting circadian clock neurons to sleep-promoting ring neurons in the ellipsoid body.
Prolonged wakefulness stimulates the homeostatic need to sleep, but transition to sleep also depends on the circadian time of day. However, links between circadian and homeostatic influences are not well understood. Guo et al. (2018) identify a Drosophila circuit connecting circadian clock neurons to sleep-promoting ring neurons in the ellipsoid body.
The regulation of sleep is often described using the two-process model, in which sleep behavior is the result of both a circadian process (related to time of day) and a sleep homeostat process (related to the amount of sleep debt accrued from prior wakefulness). In mammals, the suprachiasmatic nucleus (SCN) serves as a master clock to control the timing of sleep; however, its extensive network of afferent and efferent projections presents a significant challenge to understanding its interactions with sleep-promoting nuclei (Fuller et al., 2006) .
Because of their relatively small number of neurons, Drosophila provide a powerful model to understand how the connectivity and activity of different neurons contribute to the production of sleep. In Drosophila, the brain circadian clock network consists of 75 pairs of neurons, which express molecular clock components with a 24-hr period (Dubowy and Sehgal, 2017) . These neurons are subdivided into several discrete clusters. One cluster in particular, the dorsal neuron 1 (DN1) cluster, has been linked to output (i.e., non-clock) circuitry. In addition to projections within the clock network, DN1 neurons also project to the pars intercerebralis (PI), which is homologous to the hypothalamus (Cavanaugh et al., 2014) . The PI contains neurons that produce diuretic hormone 44 (DH44) and modulate rhythms of locomotion via a downstream population of neurons projecting from the subesophageal zone to the thoracic ganglia (King et al., 2017) . Neurons in this circuit influence levels of locomotor activity in a time-of-daydependent fashion, but thus far they have not been linked directly to sleep. This raises the question of how circadian time-of-day signals are integrated with signals emanating from sleep homeostasis loci in the fly brain.
As with the mammalian system, previous studies in Drosophila have found sleep-promoting regions distributed in several discrete regions of the brain. These include the mushroom bodies and the central complex (in which both the dorsal fan-shaped body and the ring 2 (R2) neurons of the ellipsoid body (EB) have been shown to play a role in sleep) (Dubowy and Sehgal, 2017) . The R2 neurons are of much interest currently for several reasons. First, these neurons exhibit features consistent with a role as a sleep homeostat. They blunt sleep rebound when silenced during sleep deprivation and exhibit increased neuronal excitability during prolonged wakefulness. Interestingly, activating these neurons will show an increase in sleep after, but not during, the activation period. Second, R2 neurons function in a feedback loop with the dorsal fan-shaped body (dFSB): R2 neurons activate the sleep-promoting dorsal fanshaped body, which indirectly inhibits R2 cells through helicon cells. Release of the Allatostatin peptide by the dFSB inhibits excitatory input from light-activated helicon cells onto the R2 neurons, suggesting that this feedback loop is a mechanism by which sleep-promoting circuits decrease sensory inputs. This feedback loop between helicon cells, R2 neurons, and dFSB is thought to be analogous to the flip-flop circuit in mammals, in which the sleep-promoting ventrolateral preoptic nucleus forms reciprocal connections with arousal centers in the brain stem (Fuller et al., 2006) .
In this issue of Neuron, Guo et al. (2018) used an intersectional strategy to rigorously define functions of clock neurons. They focused on DN1 circadian neurons, which have been associated with sleepand wake-promoting properties (Kunst et al., 2014; Guo et al., 2016) . The authors identify functional heterogeneity in the DN1 cluster, demonstrating that sleep and arousal map to distinct subsets of DN1s. The wake-promoting DN1s do not express the circadian photoreceptor Cryptochrome (CRY), and they project exclusively to the PI, consistent with work previously described by Cavanaugh et al. (2014) (Figure 1 ). The sleep-promoting DN1s, on the other hand, are positive for CRY and project anteriorly to the superior lateral protocerebrum, a novel target of the clock circuit. These anterior-projecting dorsal neurons (APDNs) also project posteriorly to the small ventral lateral neurons (s-LNvs) and dorsal lateral neurons (LNs) of the central clock circuit (consistent with the previously described DN1 circuit) (Guo et al., 2016) . Guo et al. (2018) next mapped the anterior branches of the APDNs to tubercularbulbar (TuBu) neurons in the superior lateral protocerebrum using the transsynaptic tracing tool trans-Tango. While previously not associated with circadian rhythms, TuBu neurons are known to relay visual information from the anterior optic tubercule (AOTU) to the bulb neuropil, a major input to the EB (Figure 1) . The authors demonstrated functional connectivity between the DN1 cluster and the TuBu neurons, showing that DN1 activation was sufficient to increase calcium activity in the TuBu neurons. Restricting the expression of the calcium sensor GCaMP6f to subsets of TuBu neurons revealed that the superior TuBu neurons (TuBu sup ), and not those projecting to the inferior bulb, are targets of the ADPNs. Importantly, directly activating the TuBu sup neurons was sufficient to increase sleep.
Given the known role of the EB in sleep, the authors asked whether EB projections of the TuBu neurons are to sleep-relevant neurons; they indeed identified contacts between TuBus and sleep-and arousalregulating R2 and R4m (R2/R4m) neurons of the ellipsoid body. Importantly, activation of DN1s was sufficient to trigger calcium oscillations in both the cell bodies and the axonal ring structure of EB ring neurons. Oscillations in the cell bodies and the ring structure were of different frequencies, though this may be the result of differences in sampling. Contributions of the circuit to different outputs of the DN1s were delineated through epistasis experiments. Silencing the ellipsoid body prevented sleep increase by activation of the DN1s, indicating the relevance of this circuit for sleep behavior. However, EB neurons do not mediate DN1-driven changes in the evening peak of locomotor activity. Activation of DN1s is thought to decrease evening activity by inhibiting the evening clock cells, LNds (Grima et al., 2004) , and indeed it appears that effects of DN1s on evening activity do not require a functional R2/R4m circuit. As R2/R4m neurons inhibit arousal in response to mechanical stimuli, the authors also subjected the flies to an arousal response assay. Activation of the DN1s suppressed the distance traveled following mechanical stimulation, suggesting decreased ability to maintain arousal, and simultaneous activation of DN1s and silencing of R2/R4m neurons restored stimulus-induced hyperactivity. Thus, R2/R4m neurons are required for effect of DN1s on arousal.
Interestingly, recent work from the Jepson group (Lamaze et al., 2018) implicates the same circuit in the regulation of sleep, although they used a different Gal4 driver to characterize the TuBu neurons. Lamaze et al. (2018) , however, found that the connection between DN1 neurons and TuBu neurons is inhibitory; silencing DN1 neurons resulted in an increase in calcium activity as measured by CaMPARI (calcium-modulated photoactivatable ratiometric integrator) in the TuBu neurons. Comparing this result to the activation experiments shown by Guo et al. (2018) suggests that the connection between APDNs (which Lamaze et al., 2018 refer to as anterior projecting DN1s) and TuBu neurons represents a mix of excitatory and inhibitory synapses. Despite this heterogeneity, Lamaze et al. (2018) demonstrated monosynaptic connectivity between their TuBu neurons and the R2 neurons that also localized to the superior bulb. Importantly, both laboratories were able to induce sleep through activation of their respective subsets of TuBu neurons. In addition, Lamaze et al. (2018) found that activation of TuBu neurons resulted in a ''negative rebound'' the following day-flies in which the TuBu neurons had been activated showed a dramatic reduction in sleep relative to controls.
The identification of the APDN-TuBu-EB circuit is significant step toward elucidating how sleep is regulated by circadian neurons. As with any scientific study, some questions arise. For instance, why does activation of EB neurons not promote baseline sleep even though these neurons are required for sleep increases by APDNs? These data suggest that other neurons, in the EB or elsewhere, participate in mediating effects of APDNs, and they indicate the need for continued dissection of sleep-circadian circuits. As discussed by both Guo et al. (2018) and Lamaze et al. (2018) , these studies also pave the way toward uncovering the role of sleep and circadian rhythms in the diverse functions associated with the ellipsoid body, such as visual feature detection, memory, and spatial navigation.
Another interesting feature of the data presented by Guo et al. (2018) is the oscillatory activity in the ellipsoid body, which occurs as a result of activating the DN1s but not TuBu sup neurons. One explanation is that inhibition of some TuBu sup neurons (which may occur when some DN1s are 
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Neuron 100, November 7, 2018 515 activated) is necessary to elicit the oscillatory activity. Alternatively, because all DN1s were activated via bath application, both the neurons projecting to the PI and those that project to the AOTU were activated, which could be indicative of a requirement for multiple inputs to produce oscillatory activity in the R2 neurons. Thus, oscillations in the ellipsoid body could reflect the interaction between sleep and circadian processes on multiple levels. A related issue is whether such oscillations can be used to detect sleep stages in Drosophila analogous to those observed in mammals. A recent study from the van Swinderen group used local field potential electrical recordings to show that the Drosophila brain exhibits an increase in oscillatory activity at the beginning and the end of a sleep phase as well as in response to activation of the sleep-promoting dorsal fan-shaped body (Yap et al., 2017) . However, sleep induced by gaboxadol, a GABA agonist developed to promote sleep in humans, showed a reduction in oscillatory activity. Taken together, these findings suggest intriguing circuit-level connections between oscillatory neuronal activity and sleep in Drosophila and highlight this as a promising area for future investigation.
Learning-related plasticity is critical for emotional memory. In this issue of Neuron, Abs et al., (2018) describe novel dynamics mediated by neurogliaform cells in layer 1 neocortex of mouse that are associated with aversive memory.
The most superficial layer of the mammalian neocortex (layer 1, L1) contains far fewer neuronal somata than the other cortical layers (less than 0.5% of all cells in a cortical column). For example, in the cat visual cortex, about 1,000 neuronal somata/mm 3 have been estimated in L1 versus more than 100,000 somata/mm 3 in deeper cortical layers (for references and further discussion, see Muralidhar et al., 2014) . Virtually all the neuronal somata of L1 neocortex are GABAergic cells, and they comprise several distinct neuron types. Despite the paucity of cell bodies in L1, these GABAergic neurons are likely to play critical roles in cortical processing. Their wiring connectivity within cortical circuits enables them to gate information from extrinsic inputsmainly the thalamus and other cortical areas carrying attentional and cognitive information-and in turn inhibit the tuft dendrites of L2/3 and L5 pyramidal neurons. Furthermore, L1 interneurons also
